Abstract. Neodymium doped zinc borotellurite glass system were fabricated by using conventional melt-quenching method. The structural properties of the glass system were characterized by using X-ray Diffraction (XRD) method and Fourier Transform analysis (FTIR). The amorphous nature of the glass system was confirmed by using x-ray diffraction method. The transmission band of TeO 3 structural units which indicate the existence of non-bridging oxygen was shown by FTIR analysis. The optical properties of the glass system were determined by using UV-Vis spectrophotometer. Several bands were shown in the absorption spectra which indicate the characteristic of neodymium ions. The obtained values of indirect optical band gap, Eopt lies in the range of 3.151 eV and 3.184 eV.
Introduction
Tellurite based glass containing rare earth oxide has received significant attention due their excellent optical properties for future applications. It is well known that this glass are better competitors for optical transmission studies due to their long infrared (IR) cut-off [1] . Tellurite based glass is an excellent optical and electrical applications among the heavy metal oxides (HMO) which is due to their good rare earth solubility, high dielectric constant and high refractive index. Among the possible rare earth ions, neodymium is one of the most studied rare earth ions and is also one of the most efficient candidates for photonic devices [2] . Neodymium doped tellurite glasses are suitable candidates to develop waveguide lasers, color display devices, optical fibers and optical amplifiers [3] .
However, there are lack information on optical properties of neodymium doped multicompositions for tellurite based glass. Therefore, this research is focuses on the determination on optical properties of neodymium doped zinc borotellurite glass with different neodymium concentration.
Experimental
The 2 and Nd 2 O 3 reagent grade chemicals were used to prepare the glass samples. All the chemicals were weighted by using digital weighing machine with accuracy of ±0.0001g and mixed together in alumina crucible. The mixture was then heated in electrical furnace at 400 o C in 1 hour to remove the excess hydrogen ions. After complete heating, the mixture was transferred to the second furnace at 900 o C in 2 hours for the melting process. Then, the melts were immediately poured into a stainless steel mould and annealed at 400 o C in an electrical furnace before cooled down to room temperature.
The transparent glass was formed after the annealing process. The glass sample was cut by using Isomet Buehler low speed saw machine with thickness of 2 mm for the required measurement. The structural characterization was performed by using Xpert Highscore PANalytical X-ray diffractometers and PerkinElmer Spectrum 100 Series FT-IR spectrometers. The optical absorption was obtained by using UV-1650PC UV-Vis Spectrophotometer (Shimadzu) with the wavelength of 190-1100 nm.
Result and Discussions
X-ray Diffraction analysis. Figure 1 shows the XRD spectra of neodymium doped zinc borotellurite glass system. It can be seen from the figure that the glass samples exhibit broad diffusion at lower scattering angles. This confirmed that the glass samples possess amorphous structural arrangement. There are absent of sharp peaks from the XRD spectra which in turn confirm the non-existence of crystalline phase. Figure 2 shows the FTIR spectra of the glass samples recorded in the region 280 -3000 cm -1 . The spectra contains of several peaks indicating their local structure. The peak positions and their assignments are shown in Table 1 . The characteristic of tellurite oxide structural units are located in the range of 600 -700 cm -1 . After the glass formation, tellurite oxide establish in two structural units which are trigonal pyramidal, TeO 3 and trigonal bipyramidal, TeO 4 . The first group of band is located in the range 600 -650 cm -1 which correlates to trigonal bipyramidal, TeO 4 structural unit. Meanwhile, the second group of band is located in the range 650 -700 cm -1 which corresponds to trigonal pyramidal, TeO 3 structural unit. It can be seen from the figure that the formation of trigonal pyramidal, TeO 3 in the glass system contributes to the formation of non-bridging oxygen. The formation of borate oxide structural units is active in three spectral regions. The first group of band is located in the range 600 -800 cm -1 which is attributed to bending vibrations of various borate arrangements. The second group of band is located in the range 800 -1200 cm Figure 3 . The optical absorption edges are not sharply defined in glass samples, this is in accordance to their amorphous nature [2] . The absorption spectrum consists of several in-homogenously broadened bands due to the f-f interaction of Nd 3+ ions [5] . It can be seen from the figure that the optical absorption spectra of the glass samples consist of several peaks originating from the ground state 4 The absorption spectra revealed that the intensity of the absorption band increases with increasing concentration of neodymium oxide. Figure 4 shows the Tauc's plot of (αhν) 1/2 for indirect allowed transitions. The values of indirect optical band gap, E opt have been estimated by extrapolating the curves and the obtained results are shown in Figure 5 . The values of indirect optical band gap are found in the range 3.183 -3.152 eV. It can be seen from Figure 5 that the values of indirect band gap decreases with an increase neodymium content.
The change in band gap is due to the shifts of the valence and conduction band from each other [6] . The decreasing value of optical band gap energy by increasing the erbium content can be understood in terms of the structural change that are taking place. [7] . The increasing concentration of Nd 3+ ions will result in increasing the number of non-bridging oxygen. This is supported by the formation of trigonal pyramidal, TeO 3 structural units in the glass system as shown in FTIR result. The role of non-bridging oxygen contributes to the increasing number of free electrons which are less tightly bound to the nuclear charge. The existence of trivalent electrons of neodymium ions affects the structure of the glass system by increasing number of free electrons which leads to decreasing number of band gap energy [8] .
The values of Urbach energy of neodymium doped glass samples are tabulated in Figure 6 . The increasing trend of Urbach energy is found with increasing concentration of neodymium. The increment of Urbach energy indicates that the defect concentration in the glass system increases with the increase in neodymium. Furthermore, the characterization on the degree of disorderliness is made by using the Urbach energy value. 
Conclusions
Neodymium doped zinc borotellurite glass system was successfully prepared and characterized for their structural and optical properties. The amorphous nature of the glasses were confirmed by using XRD analysis and there is no indication of crystalline phase exist. The formation of nonbridging oxygen was proved by the formation of trigonal pyramidal, TeO 3 structural units from FTIR analysis. Several absorption bands was observed from the optical absorption spectra originating from the ground state to the excited states. Sharp absorption edge was not clearly defined which reflect to the amorphous nature of the glass system. The optical band gap energy was found in the range 3.183 -3.152 eV. The decreasing value of optical band gap energy along with neodymium concentration is due to the increasing number of non-bridging oxygen. Based from these results, the role of neodymium gives significant effect on optical properties of zinc borotellurite glass system and possess high potential to be used in photonic applications.
